The tomography inversion is a process of backpropagation plus filtering in the local wavenumber domain. The backpropagation is a double focusing process and the filtering is a deconvolution in the local wavenumber domain. The filter function is forward model dependent. Through the tests of data sets generated by both the Born approximation and by the finite-difference simulations for low frequencies, we see that the qualities of the local spectra have significant improvement in both coverage and uniformity in the local wavenumber domain. Through the test using a simple model, we see that the generalized diffraction tomography is valid even for strong-contrast media with velocity perturbations less than or around 10 percent with respect to the background velocity in the model.
Introduction
Inversion theories and methods are forward model dependent. Different forwards models have different parameters of the models and may obtain quite different inversion results finally. Different from the traditional Born model with homogeneous background (Devaney, 1982 (Devaney, , 1984 Saney， 1984；Wu and Toksӧz, 1987) , the scattered wave field can be calculated by distorted-wave Born approximation in heterogeneous media (Taylor, J. R., 1972) and in inhomogeneous background media (Schultz and Jaggard, 1987; Gelius et al., 1991) . Wu (2007) derived the formulation of generalized diffraction tomography in heterogeneous media for volume scattering and the formulation uses the Green's function based on De Wolf approximation ( De Wolf, 1971 , 1985 Wu, 1996 Wu, , 2003 Wu et al., 2007) and includes the correction for finite frequency-band and finite spatial aperture of acquisition system.
In this paper, first we present the theory and method of generalized diffraction tomography, the imaging condition and deconvolution filtering in the local wavenumber domain; then we use several numerical examples to test the spectrum recover and the validity of the generalized diffraction tomography; finally we give some conclusions.
Theory and method of generalized diffraction tomography
Distorted-wave Born modeling for volume scattering model. In the Born model, the parameters to be inverted are volume perturbations of unknown parameters with respect to a given reference medium. For the case of scalar media and the object is described by the velocity distribution with respect to the background velocity , where is the position vector, the scattered field under the local Born approximation measured on the surface at excited by the source at is
Where is the scattered field and and are the source and receiver locations on the surface, respectively; is the velocity perturbation function of the media, which is the object function in classic diffraction tomography (Devaney, 1982 (Devaney, , 1984 Saney, 1984; Wu and Toksöz, 1987) ; and are the scalar wave Green's functions for the modeling process in the inhomogeneous background. Due to the Born model only being valid for weak scattering, that is, small parameter perturbations and small integration volume, the inversion based on Born scattering is questionable for strong contrast media or large volume heterogeneities. We use forward scattering renormalized Green's function in the model based on the De Wolf approximation which is a multiple forward scattering, single back scattering approximation (De Wolf, 1971 , 1985 Wu, 1996 Wu, , 2003 Wu et al., 2007) . Hence in the De Wolf approximation, both the incident field and the Green's function are forward scattering renormalized. The approximation in a type of the local Born approximation and can overcome some drawbacks and limitations of the Born modeling.
Imaging condition in the local wavenumber domain. In order to be symmetric for the source array focusing and receiver array focusing, we use the modified imaging condition in the form of cross-correlation in the space domain Chen, 2001, 2006; Wu, 2007) , The inner integral is back propagation Rayleigh integral and is the spatial receiver aperture for the given source;
The outer integral is the summation over all the source and is the source aperture. In order to obtain the local anglespectra of an image field, the conventional space domain imaging condition has been extended to the local wavenumber domain (or the beamlet domain) Chen, 2001, 2006; Chen et al., 2006) , 
. (5) Where , is the coordinate origin at the decomposition level. From equation 5, we see that for a pair of local incident-scattering angles we can only detect the local spectral component at Figure 1b shows the recovered spectral coverage. With multi-frequency imaging, the spectral coverage can be increased and the local image matrix becomes
Where is the frequency bandwidth of the spectral coverage. Due to the approximations in propagators and inaccuracy of velocity model, the LIM in general is a complex matrix. Since the perturbation function is a real function, so its Fourier transform (spectrum) is complex conjugated. Hence the lower half has a symmetric coverage area with respect to that of the upper half. Due to the calculation of the kernels for the resolution operator (resolving kernel) (Backus and Gilbert, 1970; Tarantola, 1984; 2005; Wu, 2007) and volume deconvolution in space domain are intractable, we deconvolve the image with the resolution matrix in the local wavenumber domain. The resolving kernel in the local wavenumber domain with coordinate center at is Wu, 2007) ,
with
is the backpropagation integral of the modeling Green's function. In the local wavenumber domain, the decon-filtering is a division of the image matrix by resolving kernel,
Hence the space domain object function can be reconstructed by inverse beamlet transform,
. We can also filter the images in the local wavenumber domain for each frequency, and obtain the final object spectrum by averaging over the singlefrequency object spectra. 
Examples
Generate shots data. In this paper we generate the shots data using the same acquisition geometry with all sources and receivers on the surface and the similar velocity models as in Figure 2a with the velocity perturbation of 5, 10 and Spectrum recover. We compute the image matrices and corresponding resolving kernels of each point in the model only for the dominant frequencies of the shots data for each frequency band. After decomposing the wavefields from both sources and receivers into the local wavenumber domain along the horizontal coordinate and using the imaging condition (equation 5), we obtain the local image matrices and their corresponding resolving kernels in the local wavenumber domain. For one incident and receiving pair, we can obtain only the spectrum of the object at one wavenumber ⊥ k , hence the spectrum of all the scattering angles from one incident angle only can cover the half circle in the spectrum domain. Summing up all incident angles, the spectrum coverage is shown in Figure 1a . Due to the information of the object in spectrum domain is conjugately symmetric (Figure 1b ) (Wu and Toksӧz, 1987) , the information of the object in the other half circle in spectrum domain for the local image matrices and resolving kernels can be assumed known as ) )
, as shown in Figure 1b .
In Figure 3 and 4, line (a) show the original spectra of the three selected points pointed out by arrows in Figure 3 generated using either Born data (Figure 3) or finite difference data ( Figure 4) ; line (b) show the recovered spectra according to their corresponding resolving kernels (equation 9). Comparing the spectra in line (a) and (b) in the two figures, we see that the qualities of all the recovered spectra have a great improvement for both coverage and uniformity. Specially for the low wavenumber component, the original spectra generated using the two kinds of data (Figure 3a and 4a) are slightly different from each other, however the recovered ones (Figure 3b and 4b ) are very similar with each other. Figure 4 . The same as in Figure 3 except the spectra are generated using finite difference data.
Velocity perturbation reconstruction. Figure 5 , 6 and 7 are the reconstruction results for the whole object and the cross-sections through the center of the velocity anomaly for 5, 10 and 15 percent velocity perturbations, respectively. From Figure 5 and 6 we see that the reconstruction results for the two kinds of data are very similar with each other for all the reconstructions (Figure 5a and 5b; Figure 6a and 6b), the vertical slices (Figure 5c and 5d; Figure 6c and 6d) and the horizontal ones (Figure 6e and 6f) except there is only a slight difference between the two vertical slices Figure 5e and 5f of the two kinds of data. Therefore, for low velocity perturbation, the data generated using Born approximation can fit very well with those generated using finite difference method for the exact scalar wave equation; From Figure 7 we see that the difference between the results of the two kinds of data is significant, especially for the low wavenumber component. The result (Figure 7 b) generated using finite difference data have very sharp boundaries of the velocity anomaly, especially in the depth direction ( Figure 7d) ; the horizontal slice ( Figure 7f ) has negative value and narrower than that (Figure 7e ) generated using Born data. It seems that the generalized diffraction tomography based on the De Wolf approximation can be applied to strong-contrast media for velocity perturbation up to 15％.Comparing with the three figures ( Figure 5 , 6 and 7), the results (Figure 5a , 6a and 7a) generated using Born data have very little change for different velocity perturbations in the model. However, those results ( Figure  5b , 6b and 7b) generated using finite difference data change quickly with the increasing of the velocity perturbation. These deviations may be caused by the De Wolf approximation. The oscillation inside the high velocity box may be caused by the internal multiples. In summary, the generalized diffraction tomography (Wu, 2007) is valid even for high contrast media with moderate velocity perturbations. In future research, we will generate nearly multiple-free data for high contrast media, and try to find the causes of the discrepancy. Figure 7．The same as in Figure 5 except the velocity perturbation is 15 percent.
Conclusions
Generalized diffraction tomography in inhomogeneous media can be summarized as a process of backpropagation plus filtering in the local wavenumber domain. The backpropagation is a doubly focusing process, similar to the imaging principle in migration/imaging with extended imaging conditions in the local wavenumber domain; the filtering is a deconvolution in the wavenumber domain and the filter function is forward model dependent. Through the tests of the three models with different velocity perturbations, we see that the local spectra have significant improvement in both coverage and uniformity in the local wavenumber domain; the generalized diffraction tomography is valid even for strong-contrast media with velocity perturbations less than or around 10 percent with respect to the background velocity in the model.
